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Abstract  
In the last 20 years the field of cultural heritage has experienced a revolution in terms of documentation 
methods. The latest technological advances in laser scanners and photogrammetry have opened the pos-
sibility of documenting in three dimensions all types of monuments and sites regardless of their size or 
complexity. In this revolution fortified spaces have not been an exception. Hundreds of research teams 
around the world have developed 3D digitization projects of castles and fortresses. However, the overall 
impact of these projects has been very limited, partly due to the lack of collaboration and partly due to 
the inability of citizens to freely access the data. 
Currently, the research team of the US non-profit entity Global Digital Heritage is working on the 
massive digitization of fortifications in Spain, regardless of their chronology or size. In this context, 
work has been done on digitizing the prehistoric fortified site of Motilla del Azuer in Daimiel, the Iberi-
an oppidum of Cerro de las Cabezas in Valdepeñas, the fortified Islamic city of Calatrava La Vieja in 
Carrión de Calatrava, the medieval Christian castle of Calatrava La Nueva in Aldea del Rey, the medie-
val-Renaissance castle of Los Vélez in Mula, the watchtower of Cope in Águilas or the machine-gun 
bunker of the Spanish Civil War in Alhama de Murcia, to name just a few examples. 
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1. Introduction 
From the birth of virtual archeology at the end of 
the twentieth century to its expansion and wide-
spread acceptance by the academic field now in 
the second decade of the twenty-first century, 
there have been many technological and theoret-
ical transitions in the discipline. In the begin-
ning, virtual reconstruction projects predominat-
ed (Forte, 1997). But in the last decade, with the 
development of faster digitization techniques, 
there have been thousands of projects related to 
the three-dimensional digitalization of various 
cultural heritage elements (González-Aguilera, 
et al., 2019), among them fortifications, castles, 
towers, walls and in general all types of defen-
sive spaces (El-Hakim, et al., 2007; Angulo, 
2013; Ruiz, et al., 2015; Bercigli, 2017; Musca-
telloa, et al., 2018). 
The focus of these works has been varied. Some 
have sought to develop new working methodol-
ogies in the field of new technologies applied to 
cultural heritage (Rodríguez-Navarro, et al., 
2015; Almagro, Orihuela, 2015; Milella, et al., 
2016; Rodríguez-Navarro, et al., 2016). Others 
have served to solve problems of historical and 
archaeological research on fortifications (Ma-
rotta, et al., 2017; Verdiani, Salvatori, 2017; Lo 
Faro, et al., 2016; Pignatale, et al., 2016; Man-
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cuso, Pasquali, 2016). In some cases, the main 
objective has been to facilitate digital access to 
castles that are located in remote areas through 
what we could call “virtual tourism” (Baldi, 
Pucci, 2016), while other projects have been 
conceived as a basis for generate the necessary 
previous documentation for future restoration 
work (Vrettou, Georgopoulos, 2016). Despite 
the diversity of objectives, research teams, and 
methodologies, almost all of these projects share 
a common denominator: they are limited to case 
studies, where the digitalization of a single site 
is carried out. Of all the aforementioned pro-
jects, only deviation from this trend is the TO-
VIVA Project, which has managed to digitalize 
in 3D and make online a large number of watch-
towers of the sixteenth and seventeenth centuries 
preserved on the coast of the Valencian region of 
Spain (Rodríguez-Navarro, 2017). At an interna-
tional level, there are a few projects that have 
taken a global approach to the digital documen-
tation of cultural heritage, including castles and 
fortresses. These projects include the Zamani 
Project and Cyark, which in the last 15 years 
have managed to digitize a number of fortified 
spaces in various countries of the world. 
As far as the European arena is concerned, the 
exponential increase in the number of castles 
and fortresses digitalization projects is due to the 
approval of the Digital Agenda for Europe, es-
pecially the Commission Recommendation of 
27/10/2011 on the digitization and online acces-
sibility of cultural material and digital preserva-
tion. At the same time, the European Union has 
also financed a large number of projects in the 
field of digital heritage that have undoubtedly 
contributed to boost 3D digitalization work 
(Maschner, et al., in press). 
2. Global Digital Heritage (GDH)1 
In recent years, together with Cyark and the Za-
mani Project, a new entity dedicated to 3D digi-
talization of cultural heritage around the world 
has emerged. Global Digital Heritage (GDH) is 
an American non-profit organization created at 
the end of 2017, but whose members have been 
working together since 2015. GDH seeks to de-
mocratize access to science and knowledge 
through cultural heritage. To meet this goal, it 
maintains a policy of open access to the data and 
the 3D models it produces. In this way, public 
and private institutions, museums, researchers 
and citizens can benefit from the documentation 
and dissemination work carried out by the entity. 
The case selection policy includes all types of 
monuments, sites and museum pieces, from Pre-
history to the twentieth century, regardless of 
their fame, their inclusion in the World Heritage 
list, or the media attention they receive. In fact, 
GDH pays special attention to forgotten or little-
known cultural heritage, which is often at risk 
and that in many cases lacks adequate documen-
tation. In this line, responds to calls for help 
made by both public administrations and non-
profit associations or entities are encouraged and 
appreciated by GDH. The digitalization of forti-
fications constitutes a priority line of interest and 
activity within the selection of cases by GDH. 
To date, just considering Spain, digital docu-
mentation has been carried out on 24 fortified 
sites ranging from the Bronze Age to the Span-
ish Civil War. 
 
Fig. 1. Website Global Digital Heritage (GDH). 
 
Fig. 2. 3D model of Alhama de Murcia castle digitized 
by GDH in 2018. 
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List of fortifications digitized by GDH in Spain 
Site Location  Chronology 
Calatrava La Vieja Fortress and Town Carrión de Calatrava Middle Ages 
Castle of Alarcos Ciudad Real Middle Ages 
Castle of Miraflores Piedrabuena Middle Ages 
Castle of Montiel Montiel Middle Ages 
Castle of Salvatierra Calzada de Calatrava Middle Ages 
Cerro of las Cabezas Town and Fortress Valdepeñas Iron Age 
Fortified village of Motilla del Azuer  Daimiel Bronze Age 
Toledo Gate  Ciudad Real Middle Ages 
Casares Tower and Town  Riba de Saelices Middle Ages 
Castle of Molina de Aragón Molina de Aragón Middle Ages 
Islamic Tower  Bujarrabal Middle Ages 
Castle of Consuegra Consuegra Middle Ages, Early modern period 
Las Paleras Fortress and Town Alhama de Murcia Middle Ages 
Tower of Cope Aguilas Early modern period 
Calatrava La Nueva castle  Aldea del Rey Middle Ages, Early modern period 
Castle of Alhama Alhama de Murcia Middle Ages 
Castle of Los Vélez  Mula Middle Ages, Early modern period 
Castle of Siyâsa Cieza Middle Ages 
Il Murtal Fortress Alhama de Murcia Iron Age 
Machine Gun Bunker of Alhama Alhama de Murcia Spanish Civil War 
Machine Gun Bunker of Calarreona Aguilas Spanish Civil War 
Machine Gun Bunker, Matalentisco I Aguilas Spanish Civil War 
Machine Gun Bunker, Matalentisco II Aguilas Spanish Civil War 
Civil war airfield Saceruela Spanish Civil War 
 
 
Fig. 3. Location map of the digitized fortifications in Spain.
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3. Workflow in the digitalization of castles 
and fortresses in Spain 
For years, the main projects of three-
dimensional digitization of castles and fortresses 
have been based on the combined use of profes-
sional SLR cameras, drones and 3D laser scan-
ners (Verdiani, 2017; Gonizzi Barsanti, et al., 
2017). The combined use of these tools allows 
projects to generate very precise and complete 
3D models that document both the interior and 
exterior spaces of any fortification. 
For its work in fortifications, GDH has two 
FARO Focus3D S70 laser scanners of consider-
able precision and speed, two DJI Phantom 4 
Pro drones and several Canon EOS 5D Mark IV 
SLR cameras of 30,4 mpx and Sony α7R III of 
42,4 mpx. To document the interior of the forti-
fications, laser scanners have been used as a pri-
ority, which allow working in conditions with 
very low lighting or, even in total darkness, with 
accuracy levels of +/- 1 mm. However, ground 
cameras and drones are preferable for digitaliza-
tion of the exteriors, which offer a total coverage 
of spaces that are impossible to reach with laser 
scanners, such as decks or some areas of very 
difficult access. External laser scan data are of-
ten used to create the geometry for the photo-
grammetry. 
 
Fig. 4. FARO Focus3D S70 laser scanner working in 
Molina de Aragón castle.  
Although there are many different drones on the 
market today, we have opted for the use of a DJI 
Phantom 4 Pro drone and a DJI Phantom 4 Pro + 
drone, both equipped with a 20 Mpx camera and 
a very bright 24 mm lens. The DJI Phantom 4 
Pro and Pro + drone has an enormous level of 
safety thanks to the improvement of obstacle de-
tection systems that incorporate more sensors, 
which allows it to fly very short distances from 
the walls without compromising either the de-
vice or monument.  
 
Fig. 5. DJI Phantom 4 Pro drone taking photographs of 
the machine gun bunker of Alhama de Murcia.  
The stability and security of the Phantom 4 Pro 
has allowed us to make short-range photogram-
metry, as close as 5 m, for example in the shields 
of the castle of Los Vélez in Mula (Murcia, 
Spain), which dot the walls of the fortress at a 
height, and in areas, where it is practically im-
possible to use terrestrial photogrammetry. The 
case of the castle of Los Vélez serves to perfect-
ly illustrate the work methodology used with 
drones. On one hand, a scheduled flight of the 
castle and its surroundings is made, in order to 
document the landscape where the fortification 
is located, using the Pix4D free tablet applica-
tion. That first zenith flight is combined with a 
second free flight using in this case the DJI Tab-
let application itself. The objective of the second 
flight is to obtain photographs at much shorter 
distances and with the camera in parallel posi-
tion to each of the visible walls or structures. 
The smaller the distance between the drone 
camera and the photographed object, the greater 
the density of the point cloud obtained. On the 
other hand, the more frontal the photographs, the 
lower the distortion and the better the final tex-
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ture. Finally, flights are made to document 
shields, inscriptions or other details that could be 
on the walls of the fortifications in areas inac-
cessible on foot. In this case, between 50 and 80 
photographs are taken at the minimum distance 
allowed by the drone safety sensors. These pho-
tographs are processed independently of the 
general model of the fortress, obtaining specific 
3D models of all the details. 
 
Fig. 6. Aerial view of the castle of Los Vélez (Mula). 
The walls have numerous shields placed in areas of 
very difficult access. 
Given the limitations of the drone for very low 
altitude, or areas where there is a lot of vegeta-
tion or very high walls close to each other, SLR 
cameras are used to take photographs from the 
ground.  
 
Fig. 7. View of the processing in Reality Capture of 
one of the shields of the castle of Los Vélez from short 
range aerial photogrammetry. 
All the photographs obtained, both by the drone 
and by the terrestrial cameras, and all the data 
collected by the laser scanners, are processed to-
gether in Reality Capture software. The incorpo-
ration of Reality Capture into the GDH work-
flow has been a real revolution, since it allows to 
process an unlimited number of photographs that 
can also be mixed with the data from the laser 
scanners. 
To increase the visibility and dissemination of 
these works, GDH has its own account in 
Sketchfab2, in which it has created two specific 
collections of 3D models of fortifications. The 
first collection is dedicated to castles in Spain 
while the second is focused on military struc-
tures of the Spanish Civil War (1936-1939). 
 
Fig. 8. Collection of “Castles of Spain” by GDH on Sketchfab. 
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Fig. 9. Collection of “Spanish Civil War Bunkers” by GDH on Sketchfab. 
4. Conclusions 
Despite the huge number of projects developed 
to date, 3D digitalization of fortifications, in 
both Spain and the rest of the world, is insuffi-
cient. In addition, most of these projects focus 
on case studies that too often do not get pub-
lished in open and free format, which in the long 
term tends to cause an irreparable loss of data. 
However, current technology has reached a suf-
ficient point of maturity to work on a large scale 
in the massive digitization of fortifications, with 
a level of quality and detail unthinkable only a 
few years ago. Every year documentation be-
comes faster and cheaper for these kinds of 3D 
digitization projects. Direct evidence this are the 
results that can be obtained with a drone costing 
less than 3000 €. The work of GDH in Spain in 
the digitization of fortifications has shown that 
drones are versatile work tools, capable of han-
dling the digitization of large areas of land or 
large monuments but also of specific elements, 
details or even interiors. The combination of 
drones and powerful laser scanners allows us to 
undertake extraordinarily complex work in just a 
few days of field work. 
Digital documentation of this kind of cultural 
heritage is urgent and necessary, given the risks 
that threaten its survival in the near term. But the 
challenge of massively digitizing fortifications 
around the world will only make sense if in par-
allel we are able to make all that information 
available freely to all citizens of the planet. That 
is the mission of GDH. 
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